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Background: Local vascular wall characteristics (e.g. stiffness, compliance, distensibility) are associated with cardiovascular (CV) risk factors but 
limited data exist on their association with incident CV events. We evaluated the association of carotid ultrasound (CUS) derived arterial stiffness 
measures with incident CV disease (CVD) in the ARIC study.
Methods: Carotid arterial strain and compliance, distensibility and stiffness indices, pressure strain and Young’s elastic moduli were measured 
(mean 5.6 ECG gated cycles) in 10,407 individuals using CUS. Hazard ratios for incident CVD (MI, fatal coronary heart disease, coronary 
revascularization, ischemic stroke) in minimally adjusted (age, sex, race) and fully adjusted models (age, sex, center, race, diabetes, height, weight, 
total cholesterol, HDL-C, tobacco use, pulse pressure) were described (Table).
Results: Mean age of the cohort was 55.3 years [42.4% males, 76.6% whites, 10.3% diabetics, 23.4% current smokers and 30.2% hypertensives]. 
Over a mean follow up of 13.8 years, 1,547 incident CVD events occurred. Even after adjustment all parameters were significantly associated with 
incident CVD except for arterial compliance and Young’s elastic modulus (Table).
Conclusion: Local vessel wall characteristics related to arterial stiffness are associated with incident CVD after adjusting for CV risk factors. 
Changes in arterial wall stiffness/properties on CUS provide an additional method to evaluate CV health of an individual. 
Table. Hazard ratios (HR) (95 %CI) by increasing risk levels for each local vascular wall characteristics. The top rows for each characteristic show HR’s after minimal adjustments 
(MA)*; the bottom row, after full adjustments (FA).†
Quartile 4‡ Quartile 3 Quartile 2 Quartile 1 p-value
Carotid arterial strain (CAS)
MA HR* 1.00 0.98 (0.84, 1.15) 1.14 (0.99, 1.32) 1.07 (0.93, 1.24) 0.15
FA HR† 1.00 1.06 (0.91, 1.24) 1.25 (1.08, 1.44) 1.19 (1.03, 1.39) 0.01
Arterial compliance (AC)
MA HR* 1.00 0.98 (0.85, 1.14) 1.18 (1.02, 1.36) 1.27 (1.10, 1.47) 0.0007
FA HR† 1.00 0.97 (0.84, 1.12) 1.09 (0.94, 1.27) 1.07 (0.92, 1.24) 0.36
Arterial distensibility (AD)
MA HR* 1.00 1.14 (0.97, 1.35) 1.34 (1.14, 1.57) 1.89 (1.61, 2.21) <0.0001
FA HR† 1.00 1.09 (0.92, 1.29) 1.19 (1.01, 1.40) 1.48 (1.26, 1.75) <0.0001
Quartile 1‡ Quartile 2 Quartile 3 Quartile 4
Stiffness index (SI)
MA HR* 1.00 1.16 (0.99, 1.35) 1.23 (1.05, 1.43) 1.59 (1.37, 1.86) <0.0001
FA HR† 1.00 1.15 (0.99, 1.35) 1.15 (0.98, 1.35) 1.36 (1.6, 1.59) 0.002
Pressure-strain elastic modulus (Ep)
MA HR* 1.00 1.14 (0.97, 1.34) 1.38 (1.18, 1.62) 1.86 (1.59, 2.17) <0.0001
FA HR† 1.00 1.08 (0.92, 1.27) 1.22 (1.04, 1.43) 1.45 (1.23, 1.71) <0.0001
Young’s elastic modulus (YEM)
MA HR* 1.00 0.97 (0.83, 1.12) 1.00 (0.86, 1.16) 1.29 (1.12, 1.49) <0.0001
FA HR† 1.00 0.92 (0.79, 1.07) 0.92 (0.80, 1.07) 1.08 (0.93, 1.25) 0.09
*Minimal adjustments include age, sex, and race only
†Full adjustments include age, gender, race, center, diabetes, height, weight, total cholesterol, HDL-C, tobacco use, and pulse pressure
‡Reference quartile
CAS= (DS - DD) / DD where DS = peak systolic arterial diameter; DD = end diastolic arterial diameter;
AC = pi * (DS^2 - DD^2) / (4 * PP) where PP= pulse pressure
AD = 100 * (DS^2 - DD^2) / (PP * DD^2)
SI = ln (SBP / DBP) / CAS where SBP= systolic blood pressure, DBP= diastolic blood pressure
Ep = PP / CAS
YEM = (0.5 * DD / CIMT) * Ep where CIMT = carotid intima-medial thickness
